Abstract Insulin-like growth factor
Introduction
Tumor is one of deadly diseases of mankind. Up to now, the detailed mechanisms of cancer remain largely unknown. As cellular proliferation is central to the carcinogenic process, pathways that regulate and control cell growth are undoubtedly important to the etiology of cancer . The insulin-like growth factor signaling pathway is one such pathway. At the same time, there are many articles that report that genetic polymorphism was associated with susceptibility to cancer. Genetic polymorphisms are natural variations in the genomic DNA sequence present in more than 1% of the population (Yang and Roden 2003) . Also, some genetic polymorphisms have been proved to play important roles in susceptibility to cancer.
Insulin-like growth factor I (IGF-I) is a member of the large family of insulin-related peptides that includes insulin, IGF-I and IGF-II, and is one of the most wellcharacterized growth factors (Daughaday and Rotwein 1989; LeRoith and Raizada 1993) . It is primarily produced by the liver and plays an important role in the regulation of cell proliferation, differentiation, and apoptosis with a recognized effect on tumor growth (Pollak 2000a, b; Parrizas and LeRoith 1997) . Epidemiological studies have offered hints that high levels of IGF-I might be a risk factor for cancer. Results of early studies on the risk of prostate (Chan et al. 1998) , breast (Hankinson et al. 1998) , colorectal (Ma et al. 1999) , lung (Yu et al. 1999) , and cervical (Schaffer et al. 2007 ) cancer suggest that high circulating IGF-I concentrations are associated with an increased risk of cancer. Recent meta-analyses, done separately by cancer site and comparing uppermost versus lowermost categories, show that IGF-I is associated with increased risk of prostate cancer, colorectal cancer, and premenopausal breast cancer, but not with postmenopausal breast cancer or lung cancer (Renehan et al. 2004) . Despite the number of factors that can influence IGF-I levels, it has been estimated that up to 60% of the variability has a genetic basis (Harrela et al. 1996; Hong et al. 1996) .
A known genetic cytosine-adenine (CA) repeat polymorphism in the human IGF-I gene has been the focus of many recent studies because it is proximate to the promoter, at 1 kb upstream from the transcription start site (Rotwein et al. 1986; Weber et al. 1989 ). This polymorphism might be associated with circulating IGF-I levels. But several clinical studies have not revealed consistent evidence for the association between the (CA) repeat polymorphism and circulating IGF-I levels (Rosen et al. 1998; Jernstrom et al. 2001a, b; Vaessen et al. 2001; Missmer et al. 2002; Allen et al. 2002; Frayling et al. 2002) . Some studies have shown an association between high serum IGF-I levels and the most common IGF-I allele that had a length of (CA)19 repeats (Vaessen et al. 2001; Rietveld et al. 2003) , while other studies report the reverse results (Jernstrom et al. 2001a, b; Rosen et al. 1998) .
Some studies were conducted to investigate the association between the (CA) repeat polymorphism of IGF-I and the susceptibility to prostate, breast, and colorectal cancer (Missmer et al. 2002; Yu et al. 2001; Wen et al. 2005; DeLellis et al. 2003; Wagner et al. 2005; Cleveland et al. 2006; Figer et al. 2002; González-Zuloeta et al. 2007; Tsuchiya et al. 2005; Li et al. 2004; Friedrichsen et al. 2005; Neuhausen et al. 2005; Schildkraut et al. 2005; Chen et al. 2006; Nam et al. 2003; Morimoto et al. 2005; Wong et al. 2005; Slattery et al. 2004 Slattery et al. , 2005 . Like the association between the (CA) repeat polymorphism and circulating IGF-I levels, results from these studies have been inconsistent, and the reasons underlying heterogeneous results, including study populations, and designs and assay characteristics need to be further investigated.
Here, we performed a meta-analysis from all eligible case-control studies to address the association of IGF-I (CA)19 polymorphisms to cancer. We also performed meta-analysis in detailed cancer and different populations.
Materials and methods

Identification and eligibility of relevant studies
To identify all articles that examined the association of IGF-I (CA) repeat polymorphism with cancer, we conducted a literature search of the PubMed database using the following keywords and subject terms: ''prostate,'' ''colorectal,'' ''lung,'' ''breast,'' ''cervical,'' ''cancer,'' ''polymorphism*,'' and ''insulin-like growth factor-I.'' References to retrieved articles were screened. Abstracts, case reports, editorials, and review articles were excluded. Studies included in the current meta-analysis had to meet all the following criteria: (1) use a case-control design and (2) the genotype distribution of the control population must be in Hardy-Weinberg equilibrium (HWE).
Data extraction
Data were independently abstracted in duplicate by two investigators using a standard protocol and data-collection form. Data were collected on the genotype according to different kinds of cancers. Characteristics abstracted from the studies included the name of the first author, location of the study, year of publication, ethnicity of the study population, and characteristics of cases and control selection criteria.
Statistical analysis
The meta-analysis examined the overall association of the IGF-I allele (CA)19 with the risk of prostate, breast, and colorectal cancer, the contrast of homozygote (CA) Odds ratios (OR) corresponding to 95% confidence interval (CI) was applied to assess the strength of association of IGF-I with prostate, breast, and colorectal cancer since case-control studies were used, and OR was calculated according to the method of Woolf (Woolf 1955) . A chi-square based Q statistic test was performed to assess the between-study heterogeneity (Lau et al. 1997 ). Heterogeneity was considered significant for P \ 0.10 because of the low power of the statistic. A fixed-effect model using the Mantel-Haenszel method and a random-effects model using the DerSimonian and Laird method were used to pool the results (Petitti 1994) . In the absence of between-study heterogeneity, the two methods provide similar results. Random effects are more appropriate when heterogeneity is present. The significance of the pooled OR was determined by the Z test; a P value of \0.05 was considered significant. For each genetic contrast, IGF-I subgroup analysis according to ethnicity was only considered for Caucasian and Asian populations to estimate ethnic-specific OR and had at least three independent studies. Publication bias was investigated by funnel plot, in which the standard error of log (OR) of each study was plotted against its OR. An asymmetric plot suggested possible publication bias. Funnel plot asymmetry was assessed by the method of Egger's linear regression test, a linear regression approach to measure funnel plot asymmetry on the natural logarithm scale of the OR (Egger et al. 1997) . The significance of the intercept was determined by the t test as suggested by Egger, and a P value of\0.05 was considered significant.
Hardy-Weinberg equilibrium was tested by the chisquare test for goodness of fit using a web-based program ( http://ihg.gsf.de/cgi-bin/hw/hwa1.pl). Analyses were performed using the software Stata version 9, ReviewManage 4.2. All P values were two-sided.
Result
Eligible studies
Nineteen articles were retrieved based on the searching criteria for cancer susceptibility related to IGF-I (CA) repeat polymorphisms (Missmer et al. 2002; Yu et al. 2001; Wen et al. 2005; DeLellis et al. 2003; Wagner et al. 2005; Cleveland et al. 2006; Figer et al. 2002; González-Zuloeta et al. 2007; Tsuchiya et al. 2005; Li et al. 2004; Friedrichsen et al. 2005; Neuhausen et al. 2005; Schildkraut et al. 2005; Chen et al. 2006; Nam et al. 2003; Morimoto et al. 2005; Wong et al. 2005; Slattery et al. 2004 Slattery et al. , 2005 , and 17 met our inclusion criteria. One article was not included because the genotype distribution in the control population significantly deviates from HWE (Missmer et al. 2002) . One article was replaced with its updated study (Slattery et al. 2004 ). Seven of the 17 eligible articles investigated prostate cancer (Tsuchiya et al. 2005; Li et al. 2004; Friedrichsen et al. 2005; Neuhausen et al. 2005; Schildkraut et al. 2005; Chen et al. 2006; Nam et al. 2003) , seven studies investigated breast cancer (Yu et al. 2001; Wen et al. 2005; DeLellis et al. 2003; Wagner et al. 2005; Cleveland et al. 2006; Figer et al. 2002; González-Zuloeta et al. 2007) , and three studies investigated colorectal cancer (Morimoto et al. 2005; Wong et al. 2005; Slattery et al. 2005) . No detailed genotype data were available in the 3 of the 17 eligible articles (Yu et al. 2001; Figer et al. 2002; Li et al. 2004) . All eligible studies that evaluated IGF-I (CA) repeat polymorphisms to cancer susceptibility were on the basis of (CA)19 allele versus non-(CA)19 allele. In addition, some of these eligible studies not only reported the distribution of the number of (CA) repeat, but also analyzed (CA)17 or (CA)21 allele to cancer susceptibility (Wen et al. 2005; Wong et al. 2005) . Overall, IGF-I (CA)19 allele was the most prevalent allele in both the patients and the controls. Therefore, we performed a metaanalysis about the association of IGF-I (CA)19 polymorphisms to cancer. There was a considerable diversity of ethnic groups. Nine of the 17 eligible articles represent studies with a Caucasian population (Wagner et al. 2005; Cleveland et al. 2006; Figer et al. 2002; Li et al. 2004; Friedrichsen et al. 2005; Neuhausen et al. 2005; Schildkraut et al. 2005; Chen et al. 2006; Nam et al. 2003) , and 5 of the 9 show detailed allele information (Wagner et al. 2005; Cleveland et al. 2006; Figer et al. 2002; Schildkraut et al. 2005; Chen et al. 2006) . In study populations with Asians, detailed allele information was available in three eligible articles (Wen et al. 2005; Tsuchiya et al. 2005; Wong et al. 2005) . Hence, we also performed meta-analysis in Caucasian and Asian populations, respectively. Among the 17 eligible articles included, 82% (14/17) stated that the age and sex status were matched between case and control populations. Studies provided genotyping data of mixed population indicated as ''unknown'' ethnic (Table 1) . Two studies were different from the others because they used a related casecontrol design (Wagner et al. 2005; Li et al. 2004 ). We excluded the two studies when doing sensitivity analysis. But the overall effect of the (CA)19 on the cancer risk did not change.
Meta-analysis database
The eligible studies included a total of 8,799 patients and 13,901 controls of whom 8,038 and 13,225, respectively, had genotype data. A total of 3,533 patients and 7,771 controls for breast cancer, 2,307 patients and 2,622 controls for prostate cancer, and 2,959 patients and 3,508 controls for colorectal cancer were investigated. Table 2 shows both genotype and allele frequencies of cancer patients and controls in the eligible studies. Overall, the prevalence of (CA)19 allele was 56.9 and 57.4% in all patients and controls. The prevalence rate of (CA)19 allele across the controls of Caucasian and Asian descent were 65.5 and 33.3%, respectively. The result indicated that the distribution of (CA)19 allele frequency had a significant difference in Caucasian and Asian populations. The (CA)19 allele was more highly represented among the cases of colorectal cancer (60.2%) than in the 
Overall effects for alleles
We performed a meta-analysis from all eligible case-control studies to compare IGF-I (CA)19 versus non-(CA)19 allele. Since significant heterogeneity existed between the 17 studies, the random effects model was used to pool the results (Fig. 1a) . There was no evidence that the (CA)19 allele associated with the risk of cancer in a worldwide population and the summary OR = 1.03, 95% CI (0.95-1.11), P = 0.54, P heterogeneity \ 0.0001). According to the different kinds of cancer, we also performed three meta-analyses with prostate, breast, and colorectal cancer (Fig. 2a, b, c) . In the subgroup analyses of three different kinds of cancer, no heterogeneity existed in colorectal cancer, while significant heterogeneity existed in prostate and breast cancer. We also found no association between the (CA)19 polymorphism and the risk of breast, prostate, and colorectal cancer, respectively. Last, we performed two meta-analyses in Caucasians with five studies and in Asian populations with three studies (Fig. 1b, c (Table 3) .
Sensitivity analysis
Sensitivity analysis was performed by sequential omission of individual studies under various contrasts, as well as in prostate cancer, breast cancer, and colorectal cancer subgroups. In the meta-analysis of the Asian population, after exclusion of Tsuchiya et al. (2005) , the heterogeneity no longer existed, and the estimate of the overall effect changed [OR = 1.12, 95% CI (1.01-1.24), P = 0.04, P heterogeneity = 0.60]. In fact, the result of Tsuchiya et al.'s (2005) study was that the 19-allele of IGF-I appears to increase the risk of prostate cancer in the Japanese population, which did not conflict with the results of the other two studies involved in meta-analysis of the Asian population. In the prostate cancer subgroup analysis, the between-study heterogeneity remained after exclusion the study of Schildkraut et al. provided no evidence for funnel plot asymmetry in overall cancer (t = 1.05, P = 0.309), breast cancer (t = 1.22, P = 0.276), prostate cancer (t = -0.51, P = 0.631), and colorectal cancer (t = 0.18, P = 0.886).
Discussion
Many studies report that high circulating IGF-I concentrations are associated with an increased risk of cancer including prostate (Chan et al. 1998) , breast (Hankinson et al. 1998) , colorectal (Ma et al. 1999) , lung (Yu et al. 1999) , and cervical (Schaffer et al. 2007) cancer. However, some articles report IGF-I (CA) repeat polymorphisms were associated with susceptibility to cancers including prostate, breast, and colorectal cancer. In this study, we performed meta-analysis of the three kinds of cancer. The summary OR indicated that IGF-I (CA)19 polymorphisms are not associated with cancer risk in all different comparisons. Three studies of meta-analyses in the Asian population researched the relationship between IGF-I (CA)19 polymorphisms and prostate (Tsuchiya et al. 2005) , breast (Wen et al. 2005) , and colorectal (Wong et al. 2005) cancer, respectively, while five articles of meta-analyses in the Caucasian population just researched the relationship between IGF-I (CA)19 polymorphisms and prostate (Schildkraut et al. 2005; Chen et al. 2006 ) and breast cancer (Wagner et al. 2005; Cleveland et al. 2006; Figer et al. 2002) . We found that no heterogeneity existed in the Caucasian population, and it might decrease the cancer risk for (CA)19 carriers, while heterogeneity existed in the Asian population and might increase cancer risk for (CA)19 carriers. A sensitivity analysis was performed in the Asian population with three articles. Two out of three articles observed that IGF-I genotypes containing the (CA)19 were consistently associated with increased risk of prostate and breast cancer (Wen et al. 2005; Tsuchiya et al. 2005) . After exclusion of Tsuchiya et al. (2005) , the heterogeneity no longer existed, and the estimated overall effect changed [OR = 1.12, 95% CI (1.01-1.24), P = 0.04, p heterogeneity = 0.60]. The study of Tsuchiya et al. (2005) is the origin of the heterogeneity. The reason is not that the study reported no relationship between (CA)19 allele and cancer risk, but it indicated a more strong positive association between IGF-I (CA)19 polymorphism and increased prostate cancer risk. This information indicated that (CA)19 allele carriers might have increased risk of cancer in the Asian population. In addition, the prevalence rate of (CA)19 allele across the controls of Caucasian and Asian descent were 65.5 and 33.3%, respectively. The result indicated that the distribution of (CA)19 allele frequency has a significant difference in Caucasian and Asian populations, and the physiological function of (CA)19 allele might differentiate in different population. Overall, the association of IGF-I (CA)19 polymorphisms to susceptibility to cancer might be different in different populations. However, the study population of our metaanalysis was composed of different races. The ethnic composition of the study populations might be the main reason why the results of our study yielded a non-statistically significant decreased or increased risk for (CA)19 carriers. We suggested that investigators should stratify analyses by racial/ethnic group in the future.
Two of the 17 eligible articles were different from the others (Wagner et al. 2005; Li et al. 2004 ), because they used a related case-control design. The result of Li et al.'s (2004) study was that no association existed between genetic polymorphisms in IGF-I and prostate cancer. Wagner et al. (2005) detected an increased breast cancer risk with a borderline significance in the Polish familial cases homozygous for the non-(CA)19 alleles (OR = 1.51, 0.96-2.39, P = 0.07). We excluded the two studies when doing sensitivity analysis. But the overall effect of the (CA)19 to the cancer risk did not change.
Prostate cancer is the most commonly diagnosed noncutaneous malignancy among men and the second leading cause of cancer-related deaths in men in Western countries (Landis et al. 1999) . Several previous studies have shown that the (CA)19 allele may be associated with increased risk of prostate cancer (Tsuchiya et al. 2005; Schildkraut et al. 2005) . Other studies, however, reported a decreased risk of prostate cancer subjects with the (CA)19 allele (Friedrichsen et al. 2005) or no association (Li et al. 2004; Neuhausen et al. 2005; Schildkraut et al. 2005; Chen et al. 2006; Nam et al. 2003) . Molecular epidemiological studies have presented seemingly contradictory results concerning a potential role of the IGF-I (CA)19 polymorphisms in prostate cancer susceptibility. In our meta-analysis in the prostate cancer subgroup, seven articles were retrieved based on the searching criteria for prostate cancer susceptibility related to IGF-I (CA)19 polymorphisms. We aimed to obtain summary estimates for the strength of the postulated genetic association, as well as to quantify and explain the potential between-study heterogeneity. No evidence of association between (CA)19 allele and prostate cancer risk [P = 0.41, OR = 1.08, 95% CI (0.89-1.31), P heterogeneity \ 0.0001] was found. The between-study heterogeneity remained after exclusion the study of Schildkraut et al. (2005) . Further exclusion of Tsuchiya et al. (2005) makes the between-study heterogeneity no longer exist, but the overall effect of the (CA)19 to the cancer risk did not change. The main study population of six out of seven articles was from Caucasians. This might mean that our conclusion on prostate cancer was more representative in the Caucasian population than in others and was not directly applicable to the Asian population. Therefore, further research is warranted to reveal whether prostate cancer susceptibility related to IGF-I (CA)19 polymorphisms or not in Asian population.
Breast cancer is the most common malignancy in women worldwide (Parkin et al. 2001 (Parkin et al. , 2002 . There are two metaanalyses for breast cancer that yielded conflicting results (Wen et al. 2005; González-Zuloeta et al. 2007) . We updated the analysis by including new available published data. The results of our meta-analysis yielded a non-statistically significant increased cancer risk for (CA)19 carriers. The result of the first meta-analysis indicated that IGF-I genotypes containing the (CA)19 were consistently associated with increased risk of breast cancer across four studies (overall OR = 1.22, 95% CI: 1.06-1.41, P for heterogeneity test = 0.524, 1,331 breast cancer cases; 1,478 controls) (Wen et al. 2005) . The findings supported the hypothesis that IGF-I gene polymorphisms might be a significant genetic factor for breast cancer susceptibility, in contrast to the results found in our study. However, the second meta-analysis results indicated that the IGF-I (CA)19 polymorphism was not likely to predict the risk of breast cancer across six studies in postmenopausal women. The meta-analysis yielded a pooled OR = 1.05 (95% CI = 0.95-1.17) for (CA)19 heterozygous carriers versus (CA)19 homozygous carriers, and OR = 1.26 (95% CI = 0.87-1.82) for (CA)19 non-carriers versus (CA)19 homozygous carriers (González-Zuloeta et al. 2007) , the same results found in our study. In our study, the articles on the relation between the IGF-I (CA)19 polymorphism and breast cancer risk till now retrieved eight studies. The study of Missmer et al. was not included in our meta-analysis because the genotype distribution in the control population significantly deviates from HWE. But this study was used in two previous meta-analyses papers, which might cause misleading results in those two previous meta-analyses. A sensitivity analysis was performed in the breast cancer subgroup. After exclusion of two studies by Wagner et al. (2005) and Cleveland et al. (2006) , the between-study heterogeneity no longer existe,d and the overall effect of the (CA)19 to the cancer risk changed, yielding a positive result that IGF-I (CA)19 carriers had significantly increased breast cancer risk. However, to date, the relationship between IGF-I (CA)19 polymorphisms and breast cancer susceptibility was not sure, and further study is needed.
Four out of 17 articles researched the association IGF-I (CA) repeat polymorphisms to susceptibility of colorectal cancer. One article was replaced with its updated study. No significant heterogeneity existed among the three studies when comparing (CA)19 allele in colorectal cancer. But the number of studies on colorectal cancer was so small that we could not come to definite results. Therefore, the results need to be verified in a larger study.
Many studies have found that IGF-I (CA) repeat polymorphism had many kinds of polymorphic forms. It has been reported that the IGF-I polymorphic (CA) repeat ranges from 11 to 23 units (Wen et al. 2005; Cleveland et al. 2006) . The (CA)19 allele was reportedly most frequently observed in Caucasians (Cleveland et al. 2006) , and some studies showed that (CA)19 alleles are also most commonly found in Asians (Wen et al. 2005; Tsuchiya et al. 2005) . The distribution of (CA)19 allele varies in different populations. It indicated that future work in this area should be stratified according to race and ethnicity. Since the (CA) repeat region in the IGF-I gene is located near the promoter, 1 kb upstream from the transcription initiation site, some studies have suggested that the polymorphic (CA) repeats affected transcription activity of the gene (Tae et al. 1994) . Several previous studies have shown that the (CA)19 allele might be associated with an elevated level of plasma IGF-I (Vaessen et al. 2001; Rietveld et al. 2003) , while other studies reported a reduced level of plasma IGF-I subjects with the (CA)19 allele (Jernstrom et al. 2001a, b; Rosen et al. 1998) or no association (Wen et al. 2005; Chen et al. 2006; Friedrichsen et al. 2005; Allen et al. 2002; Kato et al. 2003) . Five of the 17 eligible articles investigated the association of IGF-I genotype not only with phenotype, but also with cancer risk (Wen et al. 2005; Chen et al. 2006; Friedrichsen et al. 2005; Yu et al. 2001; DeLellis et al. 2003) . But the definite relationships among them are still unclear. In addition, the relationship between the (CA)17, (CA)21 allele and level of plasma IGF-I has been reported in some studies (Wen et al. 2005; Wong et al. 2005) .Furthermore, Gebhardt et al. (1999) reported that the length of the repeats was inversely correlated with the transcription activity of the gene. Therefore, if the association IGF-I (CA) repeat polymorphism to circulating IGF-I concentrations is exists, the more reasonable explanation should be the length of (CA) repeats is proportional or inversely proportional to circulating IGF-I concentrations. Cleveland et al. (2006) reported that IGF-I genotypes that include alleles with fewer than (CA)19 repeats appear to be associated with an increased risk of breast cancer, particularly among premenopausal women. One study has also found a reverse association of breast cancer risk with the (CA)17 allele (Wen et al. 2005) . Previous investigations of the IGF-I promoter (CA) repeat polymorphism have generally categorized IGF-I genotype with respect to whether a subject carried a (CA)19 repeat allele or not. Therefore, it is possible that the association between IGF-I (CA) repeat polymorphisms and cancer risk might be modified by the number of (CA) repeats. However, no sufficient studies are available to be included that do meta-analysis so far. More careful stratification analyses according to the length of (CA) repeats and cancer types are needed. For example, the number of (CA) repeats should below 19 or above 19.
Although our meta-analysis yielded a negative association between IGF-I (CA) repeat polymorphisms and cancer risk, some potential analytic issues should also be considered. First, some nondifferential misclassification bias is possible. Most studies could not exclude latent cancer cases in the control group. Second, we could not address whether these IGF-I polymorphisms might have an effect on the clinical behavior of cancer or other clinicopathologic attributes. The meta-analysis cannot exclude the possibility that other polymorphisms in IGF-I may still be useful to pursue. Moreover, we could not address gene-gene and gene-environmental interactions. The latter may be important for genes that code proteins with detoxifying function, but would require detailed information on exposures to various potential carcinogens and individual-level data (Ioannidis et al. 2002) and would be most meaningful only for common exposures that are found to be strong risk factors for the disease.
A very large number of subjects is needed to establish or refute a genetic association of modest magnitude (Ioannidis et al. 2001) , and even larger numbers are needed to validate subgroup differences, let alone more subtle associations such as gene-gene and gene-environment interactions. Given the large number of potential genetic risk factors that may be probed, several initial observations may not be validated by subsequent evidence.
In conclusion, our meta-analysis suggests that the IGF-I (CA)19 polymorphism had no association to cancer risk in a worldwide population. Further stratification to ethnicity (Caucasians and Asians) and cancer types (prostate, breast, and colorectal cancer) did not reveal the significant association of the polymorphism to cancer risk. However, a significant difference of distribution of genotypes of IGF-I (CA)19 polymorphism did exist in Caucasians and Asians. Whether the IGF-I (CA)19 polymorphism has association to different kinds of cancer risk needs further investigation. More studies or large case-control studies, especially in Asian populations, should be performed to clarify possible roles of IGF-I (CA) repeat polymorphism in cancer. In addition, future studies for the length of (CA) repeats focus not only on (CA)19 versus non-(CA)19, but also on the comparison of other alleles selected from the group.
